I n a series of 150 consecutive patients with unstable fractures of the pelvis, angiography was performed in 23 (15%) who had uncontrolled hypotension. There were three anteroposterior compression (APC), eight lateral compression (LC) and 12 vertical shear (VS) injuries. Arterial sources of haemorrhage were identified in 18 (78%) patients and embolisation was performed. Angiography was required in 28% of VS injuries. The morphology of the fracture was not a reliable guide to the associated vascular injury. Ten (43%) patients died, of whom six had had angiography as the first therapeutic intervention. Five of these had a fracture which was associated with an increase in pelvic volume (APC or VS) which could have been stabilised by an external fixator. Based on our findings we recommend skeletal stabilisation and, if indicated, laparotomy to deal with sources of intraperitoneal blood loss before pelvic angiography. Embolisation of pelvic arterial bleeding is a worthwhile procedure in patients with hypotension which is unresponsive to these interventions.
Serious haemorrhage is a well-recognised complication of unstable pelvic fractures [1] [2] [3] [4] and is one of the principal causes of early mortality. 5 Various forms of treatment have been advocated for the early management of the hypotensive patient with a fracture of the pelvis. These include the application of an external fixator, 6 the use of the pneumatic anti-shock garment, 7 and the application of specially designed pelvic clamps. 2 Laparotomy and packing of the pelvic retroperitoneum have been suggested but are not commonly practised. 8, 9 Pelvic angiography and embolisation of bleeding vessels have been recommended as having both a diagnostic and therapeutic role in the management of pelvic bleeding, 10 but the exact role of this technique in the management of fractures of the pelvis remains uncertain. Anatomical studies have suggested that the surfaces of the fracture and veins, rather than arteries, are the major sources of haemorrhage in these patients. 11 The time taken to perform angiography may be considerable and may compromise the management, especially if other serious injuries are present.
We have carried out a critical analysis of the use of angiography and embolisation in the management of the hypotensive patient with an unstable fracture of the pelvis in order to define its role and optimal timing in relation to other forms of treatment.
Patients and Methods
Between 1988 and 2000, we treated 150 consecutive major fractures of the pelvis (Fig. 1) . Details of each patient, including age, gender and the mechanism of injury were noted at the time of admission. There were 104 males and 46 females with a mean age of 40 years (8 to 88). The mechanism of injury was a motor-vehicle accident in 106 patients (71%) of whom 43 (29%) were car occupants, 44 (29%) pedestrians, 16 (11%) motorcyclists, and three (2%) cyclists. A fall from a height was the cause in 41 patients (27%) and an industrial accident in the remaining three (2%). All fractures were secondary to blunt trauma.
The pelvic radiographs were classified using the current AO/SICOT classification 12 and the mechanistic classification proposed by Burgess et al 13 and Dalal et al. 14 Six sets of radiographs were incomplete or missing and could not be classified; none of these patients had angiography. All patients had rotationally or vertically unstable fractures as defined by the AO/SICOT classification (Table I) (Table II) . Of the 150 patients, 74 (49%) had significant hypotension with a systolic blood pressure of less than 90 mmHg at presentation or within 24 hours of admission. Of these 74, 23 had pelvic angiography as part of their emergency management, and this group was studied in detail. There were 19 males and four females with a mean age of 38 years (8 to 74). The mechanism of injury was similar in this subset of patients to that of the whole group; 17 patients were involved in a motor-vehicle accident (eight pedestrians) and six fell from a height. All had severe injuries. Angiographic technique. Angiography of the pelvic vascular tree was carried out within 24 hours of admission. A Seldinger technique was used to gain access to the femoral artery in the groin. Sites of extravasation of arterial contrast were identified, and selectively cannulated with gelfoam or Gianturco stainless-steel coils (Fig. 2) .
Data regarding the sequence and timing of fixation, the relationship to angiography and the need for laparotomy or other operative treatment were recorded prospectively. The response of hypotension to surgical intervention was analysed. The need for transfusion in the first 24 hours after admission was also assessed. The main outcome measures were the control of hypotension in patients requiring embolisation, complications related to the procedure and subsequent mortality.
Results
The median injury severity score was 20 (9 to 75) in patients who did not have angiography, and 34 (20 to 57) in those who did (Mann-Whitney U test, p < 0.008). The median injury score of the entire group was 25 (16 to 25). Eight of the 23 patients who had angiography (35%) had a Glasgow Coma Scale of 8 or less on admission. Using the AO/SICOT classification there were 11 rotationally unstable patterns (three type B1, seven type B2 and one type B3) and 12 vertically unstable injuries (eight type C1 and four type C3). Using the Burgess classification there were three APC, eight LC and 12 VS injuries. Angiography was performed in 14% of APC, 11% of LC and 28% of VS injuries. The requirement for angiography did not change over the period of the study. It was 16% (14/90) between 1988 and 1993 and 15% (9/60) in the latter part of the study.
Five fractures were open. Twenty patients were hypotensive on admission and remained so despite intravenous fluid replacement. The remaining three were initially resuscitated but developed further periods of hypotension which were resistant to fluid replacement. Initial investigations included diagnostic peritoneal lavage (DPL) in eight cases, of which four were positive. Fifteen patients had CT of the brain, which was positive for intracranial trauma in ten. The mean time from presentation in the accident and emergency department to angiography was three hours and 45 minutes. The mean duration of the angiographic procedure was 102 minutes (30 to 150).
The initial treatment in nine patients was the emergency application of an external fixator (one APC, two LC, six VS). Six of these had a laparotomy to deal with intraperitoneal haemorrhage during the same visit to theatre. The retroperitoneal haematoma was not explored in these cases. Hypotension persisted and angiography was subsequently performed. Thirteen patients underwent angiography as the primary procedure, before any other intervention (two APC, six LC, five VS). Eight of these subsequently had an external fixator frame applied and two had a defunctioning colostomy for fractures communicating with the rectum. One patient had internal fixation of a symphyseal diastasis associated with a VS injury but became hypotensive within 24 hours of surgery and angiography was performed at that stage.
In 18 patients (78%), sources of extravasation of arterial contrast were identified (two APC, seven LC and nine VS). The remaining five angiograms did not demonstrate this (one APC, one LC and three VS). Embolisation of both internal iliac arteries with gelatine sponge and Gianturco stainless-steel coils was performed in two patients and of the left internal iliac in three. Embolisation of branches of the internal iliac was performed on the right in seven, the left in five and bilaterally in one patient. This was successful in stopping sources of haemorrhage which were identified angiographically in all cases. The morphology of the fracture was not a reliable guide to the associated vascular injury. Complications directly related to the angiography included a unilateral gluteal infarction and a false aneurysm of the external iliac artery.
The mean number of units of blood transfused in the first 24 hours was 25. Ten of the patients (43%) died. Two of these remained hypotensive despite embolisation and died in the angiography suite. The remaining eight had their hypotension controlled and were returned to the intensivecare unit; six of these died within 24 hours of admission of whom five had severe head injuries which were the main cause of death. The sixth was an elderly patient with multiple injuries. Two patients died at six and seven days after injury of multiple organ dysfunction syndrome. Three deaths occurred in the LC group and seven in the VS group, a mortality rate of 37% and 58%, respectively. The mortality rate among patients who did not have angiography was 15% (19/127 patients). These differences were statistically significant (chi-squared test, p < 0.003, Table III ). The extent of embolisation required had some predictive value regarding outcome. Three of the five patients who had one or both internal iliac arteries embolised died.
Discussion
Our study indicates that pelvic angiography and embolisation are useful in the management of severe hypotension after major fractures of the pelvis. It also confirms the poor prognosis for these patients, with an overall rate of mortality of 43%. Those patients who required angiography had a much higher injury severity score than those who did not. Mortality was usually due to the associated injuries rather than to uncontrolled hypotension. A review of the orthopaedic literature gives little information on the use of angiography in patients with pelvic fractures. Previous large series of pelvic fractures do not discuss the role of angiography and embolisation or its relation to the morphology of the fracture. 1, 4, 10, [15] [16] [17] Table   IV gives a summary of the results of these papers. The mortality rate of 43% (33/77) is similar to that in our series. The overall requirement for angiography was 5% (120/2253), which is much smaller than the 15% in our patients. However, these studies included all types of pelvic fracture irrespective of stability. Our study group included only those patients with rotationally or vertically unstable pelvic fractures as defined by two widely accepted classification systems. These patients are the most likely to develop resistant hypotension. The main drawback of previous studies was the small numbers of patients who were evaluated by angiography. No attempt has been made to relate the incidence of hypotension to currently accepted classifications of fractures of the pelvis. Our study is a detailed account of patients undergoing angiography with an analysis of the factors which influence the outcome. VS injuries comprised 29% of fractures in our series; 28% (12/43) required angiography. They accounted for 52% (12/23) of the group undergoing angiography. This reflects the higher energy associated with this pattern of fracture and the increased risk of serious associated vascular injury and refractory hypotension. By contrast, the need for angiography and embolisation was much lower in patients with APC and LC injuries, only 14% (3/21) and 11% (8/75) respectively. One other notable finding in our study, however, was that the morphology of the fracture was not predictive of the vascular lesion identified at angiography.
The decision to perform angiography and the most appropriate timing continue to be sources of controversy and represent the most difficult aspects of management. There is often confusion as to whether to perform a laparotomy and the optimum sequence of operative management. Of the ten patients who died in our series, six underwent angiography as the first therapeutic intervention; Algorithm for the management of hypotension in patients with a fracture of the pelvis after inadequate intravenous fluid replacement.
five of these had a fracture with an increase in pelvic volume (APC or VS injuries) which could have been stabilised by an external fixator. Two of these five died of uncontrolled hypotension in the angiography suite. A reduction in the pelvic volume by the application of an external frame should have been the first step in management.
We have developed an algorithm to guide management (Fig. 3) . A strongly positive DPL or increasing volumes of free intraperitoneal fluid on serial ultrasound scans are indications for laparotomy. There is clinical evidence to show that the use of external fixation in fractures associated with an increase in pelvic volume helps to obtain haemodynamic stability. 3, 6, [17] [18] [19] Accordingly, we consider that this should be the first procedure after fluid resuscitation in patients with an increased pelvic volume. If the fixator is not applied before laparotomy the increase in the retroperitoneal haematoma which occurs when the abdomen is open may make closure of the wound difficult or impossible.
Those patients who do not have an increase in pelvic volume (i.e., LC injuries) should have a laparotomy to treat intraperitoneal sources of blood loss if indicated by the results of the DPL or ultrasound. The advantage of an external fixator is uncertain in these patients but it may enhance stability and can be applied relatively quickly if there is delay in obtaining angiography. Patients in either group who have persistent hypotension despite these measures should be considered for angiography.
There are a number of drawbacks to angiography. It is a time-consuming procedure and involves the transportation of a severely injured patient to an angiography suite. It requires the availability of a skilled interventional radiologist. Anatomical studies 11 suggest that the bony surfaces of the fracture and veins are the main sources of haemorrhage. On this basis some feel that arteriography is rarely required. 20 This view is not borne out by our study or other reports. 1, 4, 10, [15] [16] [17] Significant sources of arterial haemorrhage were identified in 78% of our cases and in over 59% (71/120) of patients in other studies. Embolisation of these vessels in our patients facilitated control of the hypotension. The alternative to pelvic angiography is immediate exploration of the pelvic retroperitoneum to achieve control of arterial blood loss and packing to control venous bleeding. The packs are changed or removed at a second procedure, usually 48 hours later. Although this approach has been practised in some level-1 trauma centres in Europe, 9 there are few published data to support its use. It is likely to be indicated mainly for a small group of patients with severe refractory hypotension who have an imminent prospect of death and will not survive the transfer for angiography. The high mortality encountered in our study is a reflection of the severity of the pelvic injury and the presence of concomitant injuries, in particular cranial trauma. The patients who required angiography had a higher injury severity score. The mortality in most of our patients was not due to uncontrolled hypotension but to associated injuries, in particular severe head injury.
We conclude that pelvic angiography should be reserved for patients in whom hypotension is unresponsive to other interventions. In these difficult cases arterial sources of blood loss are demonstrable in most patients and embolisation can help to control hypotension. Although the mortality is high, the results of our study support the view that angiography and embolisation are worthwhile procedures.
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